The estimation of animal abundance is often difficult. Mark-recapture is used commonly to estimate the abundance of secretive mammals, including striped skunks 
STUDY AREA AND METHODS
The study was conducted in 1977 and 1978 on a 31.4-km2 area near Walum in southern Griggs County, North Dakota. The gently rolling landscape was a mosaic of large grain fields interspersed with marshes, farmsteads, tree plantings, and pastures; 80% of the land was cultivated. Climate is continental with cold winters and warm summers. Snowmelt occurs in late March and early April.
The study area was partitioned into a 7 x 7 grid of square 0.65-km2 plots. Livetrapping for striped skunks was conducted during 3-9 April 1977 and 4-10 April 1978 to radio-equip study animals. Two or three single-door, wire-mesh traps (25 x 30 x 81 cm) were baited with canned sardines and set at favorable sites in each plot. Traps were checked each morning. Captured animals were anesthesized with ketamine HC1 (Beck 1976) and equipped with a radio collar; weight, sex, and general physical condition were recorded. The known-size study population each year comprised all skunks captured during early April that were alive at the end of the mark-recapture evaluation period and radio-tracked on the study area at least once during the April evaluation period.
To facilitate this evaluation, eight trap sites were selected per plot in 1977 and four in 1978. Most sites were near field edges, trails, rock piles, and abandoned buildings. No site was within 100 m of another. Trapping was conducted on eight alternate nights between 16 April and 1 May in 1977, and on four alternate nights between 23 and 30 April in 1978. Traps were placed at one site chosen randomly from those in each plot. Each site was used only once. Traps were set in the afternoon and removed the next morning. Fresh bait was used each day. Radioed skunks were released immediately, whereas new skunks (not included in mark-recapture study populations) were radio-equipped and then released.
During the evaluation period each year, the daytime retreats of all radioed skunks were located daily, and all skunks were systematically monitored during five evenly distributed tracking periods lasting 24 hours in 1977 and 14 hours (all night) in 1978. Each skunk was located at approximately 2-hour intervals during monitoring. Trapping and tracking were conducted on different nights; telemetry locations for trapped skunks were not recorded until 10-12 hours after the trapped animal had been released from the trap. Activity stage (moving or resting) was determined from radio-signal characteristics each time a skunk was located. Data from the study population and from skunks first caught during the evaluation were used to analyze movements and behavior. The summation of straight-line distances between consecutive locations was used as an index to distance traveled by skunks for which complete records were available per 14-or 24-hour tracking period. Home-range sizes were estimated by the minimum-area method 
Diel Activity Patterns
Skunk movements occurred principally during night-time. Movement increased just before sunset, reached peak levels within 1-2 hours thereafter, and then gradually declined until sunrise, at which time most skunks became inactive. Temporal activity patterns of males and females were similar. Daytime movement typically occurred near rest sites.
Windchill negatively affected skunk movements. The night of 19-20 April 1978 was the coldest on which tracking was conducted; the minimum temperature was -6 C and the maximum windchill was -24 C. Between 1800 and 
Home-Range Size
Home ranges of 24 females averaged 242 ? 119 ha (87 to 543 ha), whereas those of 15 males averaged 308 ? 170 ha (98 to 688 ha). Numbers of locations per skunk averaged 30 (range 22-35). Neither year (P = 0.63) nor sex (P = 0.15) was related to range size. Although these data were inadequate to define range size, they showed that each skunk used an area that encompassed several trap sites.
Time Spent on Study Area
The amount of time each skunk spent on the study area depended largely on size and location of its home range with respect to the study area. In 1977 and 1978, six (26%) and four (14%) of the monitored skunks remained exclusively on the study area. Frequency of capture was positively correlated with amount of time spent on the study area (r = 0.47, df = 49, P < 0.001). However, one male skunk not captured during the 1977 evaluation period was on the study area 93% of the times he was located, and two females not captured during the 1978 period were on the study area 80 and 88% of the times located.
VALIDITY OF ASSUMPTIONS
Estimators developed for use with capture data incorporate certain basic assumptions enumerated by and . Important assumptions are that the population is demographically closed-no animals are born, die, or migrate into or out of the area during the trapping period-and that markers are retained. Another common assumption, that all animals have constant and equal probability of capture, is generally difficult to satisfy. Otis et al. (1978) discussed a sequence of models that relax the latter assumptions by allowing capture probability to vary with (1) trapping occasion; (2) behavioral response after capture; and (3) heterogeneity among animals, including differences between sexes. These three assumptions were evaluated in the present study.
Closure
Emigration and immigration had negligible impact on study populations; only one male skunk was suspected of dispersing from the study area (in 1977). Certain "edge" animals 
Retention of Markers
All radio collars used in this study were retained and functioned properly throughout the evaluation period. Hence, the potential source of bias caused by marker loss was not present. The accuracy of the estimates was summarized by considering the relative error, computed as the difference between an estimate and the true value, ignoring sign, divided by the true value. These were averaged across the six subpopulations to produce the average relative error (ARE) ( Table 4) . For those estimators with standard errors, the difference be- The Lincoln-Petersen estimator was calculated for all but the first occasion by considering the marked population to be the animals marked on any previous occasion. The average of the resulting estimates is the mean Lincoln-Petersen estimate , and its standard error can be estimated from the sample variance of the individual estimates. Mean Lincoln-Petersen estimates tended to be more biased than Schnabel, particularly for the 1978 males. Standard errors were deceptively small as well. Seber (1982) opined that this estimator might be more robust than others of the Schnabel form, and Cormack (1968) indicated it to be less sensitive to unequal capture rates. found Lincoln-Petersen (with an averaging method different from the one used for this data set) and Schnabel methods both underestimated sizes of his trap-happy animals. , who applied several mark-recapture estimators to a known population of eastern chipmunks (Tamias striatus), found that the Lincoln-Petersen estimates were somewhat more accurate than Schnabel and SchumacherEschmeyer, although all were biased low. Standard errors for chipmunks were larger for the Lincoln-Petersen estimator, whereas those for the other estimators often yielded confidence limits that did not include the true value.
Capture Probability
The regression method of Schumacher and Eschmeyer, with standard errors 1/4 of the length of the 95% confidence interval (Seber 1982: equation 4.17), performed about as well as Schnabel's, although estimated standard errors were optimistically small. and Seber (1982) indicated that the Schmacher-Eschmeyer method was more robust but less efficient than Schnabel.
The regression method of Tanaka (Seber 1982) was used for five of six of our groups (Table 4) ; the 1978 males had too few occasions with recaptures to perform the regression. Tanaka's estimator was similar to SchmacherEschmeyer; standard error estimates were not conveniently available. Carothers (1973) found that Tanaka's method produced little gain over estimators assuming equal catchability, and standard errors were large. Sefcik (1980) obtained highly variable results from Tanaka's method-biases were sometimes positive, sometimes negative, and the estimator often could not be calculated. Model with Behavioral Response.-Under the conditions appropriate for this model, capture probability changes after the initial capture. This situation was inappropriate for our study populations because all skunks had been caught before the evaluation. Nonetheless, the presence of behavioral changes would be of general interest; earlier tests for trap response showed none.
The estimator recommended by for this model is equivalent to the removal method of Zippin (1956 Zippin ( , 1958 (Table 4) ; its ARE was 0.18, and its standard errors were appropriate. Zarnoch (1976) claimed this estimator to be the best, among five he examined, when capture probabilities vary. found the bias of this estimator to decrease with the number of trapping occasions.
The geometric model, a parametric method generally more applicable than the other parametric methods , was also evaluated. The geometric consistently overestimated the population size, often severely (Table 4). Estimated standard errors, calculated by a formula provided by K. P. Burnham (pers. commun.) were taken as the population estimate divided by the square root of (total captures minus the number of individuals captured). Standard errors tended to be large, especially for the 1978 groups. Results of the geometric estimator were virtually useless; its ARE was 0.44 and it consistently overestimated true population sizes, a feature also noted by . Carothers (1973) indicated that the geometric estimator was positively biased when catchability was equal, but the bias declined when heterogeneity increased. Support for the latter contention was weak; the correlation coefficient between the relative error of the geometric estimator and Probe, a measure of heterogeneity (Table 3) , was r = 0.680, which was not significant (P = 0.15, df = 4).
DISCUSSION
Late April appeared to be the best time for using mark-recapture to estimate striped skunk abundance in North Dakota because the animals were both responsive to bait and traveled widely, and the population was demographically stable. The daily shift of traps was time-consuming but eliminated possible problems associated with individual skunks becoming habituated to sites and probably increased total exposure to capture. Capture was further enhanced by setting traps at sites where disturbance was minimal. Cold weather, which reduced skunk movements, was the only potentially serious negative aspect to using mark-recapture during late April. That problem could be avoided largely by using data only from nights when acceptable weather conditions prevailed or by using an estimator that allows variation among trapping occasions.
Nearly all of our estimates of population size were low. This bias apparently reflected low probability of capture for certain skunks, particularly those that had most of their home range outside the study area. Increased probability of capture could have been achieved by using a greater density of traps, more trapping occasions, or a larger study area.
In spite of considerable effort, sampling procedures used in this study barely met the criteria of , who suggested use of about four traps per home range; our placement averaged 4.8. Capture probabilities averaged 0.29 in 1977 and 0.24 in 1978, which were somewhat less than the minimum of 0.30 suggested for limited trapping occasions and populations <100 (White et al. 1982) . Although the recommended grid-trapping system was used, the 7 x 7 grid that encompassed 31.4 km2 was much smaller than the suggested 13 x 13 grid minimum, which would have tripled the number of traps and size of study area. A minimal trapping period of eight to nine occasions was recommended; in this study, eight occasions were trapped in 1977 and four in 1978. In most carnivore studies where estimating population size is only one of many objectives, the cost and effort required to meet the proposed standards are often prohibitive and probably would not guarantee satisfactory estimates with the estimators available.
Considerable emphasis has been given to developing estimators that accommodate variation inherent in mark-recapture data. Investigators, however, often are not able to appreciate the nature and extent of the variation and find it difficult to select the most appropriate model. The model allowing for heterogeneity was the most appropriate for these data on skunks, and the jackknife estimator (Burnham 1972) provided the most realistic estimates of population size. However, other estimators also performed reasonably well in spite of their apparently limited suitability to our data sets.
Mark-recapture is often the only method available for estimating population size of many species of mammals. Faced with the choice of using mark-recapture or not estimating population size, investigators are often tempted to use it even though results may be of questionable quality due to poor accuracy or low precision. This situation is particularly true for carnivores that generally occur in low densities and tend to be trap-shy. For the striped skunk, however, reasonable population estimates may be obtained if investigators design a sampling scheme carefully and expend the effort necessary to obtain the needed data. Unless the population is geographically closed, a condition seldom occurring in wildlife investigations, results refer to numbers of animals using an area and not to population density, a distinction that can be easily overlooked.
